Abstract Chimney and mound samples collected by "Shinkai 6500" from two hydrothermal vent fields in the Mariana Trough were studied mineralogically and geochemically. One of hydrothermal vent fields is so called Forecast Vent Field at the depth of 1,450 m in the South Mariana Trough, and another deeper field is so called Alice Spring Field at the depth of 3,600 m in the Middle (or Central) Mariana Trough. Ore and gangue minerals from the both hydrothermal fields are similar, but the quantity of them is different in each field. Main ore minerals in the South Mariana Trough are sphalerite, marcasite, chalcopyrite and tetrahedrite-tennantite, and those in the Middle Mariana Trough are wurtzite, chalcopyrite and tetrahedrite-tennantite. As gangue minerals, gypsum is abundant and barite is poor in the South Mariana Trough, but, in contrast, anhydrite and barite are rich in the Middle Mariana Trough. Chemical compositions of ore minerals are analyzed by EPMA. Sphalerie contains FeS up to 2.5 mol %.
Introduction
The two hydrothermal vent fields have been known in the Mariana Trough: the Forecast Vent Field (13°23.7'N, 143°55.2'E) of 1,450 m deep in the South Mariana Trough, and the Alice Spring Field (18°12.9'N, 144°42.4'E) of 3,600 m deep in the Middle (or Central) Mariana Trough.
Biological and earth scientific survey was performed by "Shinkai 6500" in the Mariana Trough in 1996 ( (Gamo et al., 1993) , and hydrothermal minerals have been reported briefly (Gamo et al., 1994 : Fryer et al., 1993 . In this paper, ore and gangue minerals from both hydrothermal vent fields in the South and Middle Mariana Troughs are examined together in detail. Then, ore and gangue minerals in the South Mariana Trough are firstly described here. Results of fluid inclusion investigation are the first data in the Mariana Trough.
Geology of the Mariana Trough is described in detail and intelligibly by Fryer (1997) . The outline and brief result of the survey in 1996 are reported by Fujikura et al. (1997) .
Chimney and Their Constituent Minerals

Occurrence and appearance of chimney and mound samples
The chimneys used in this study are named such as "dive number" -"chimney number". Some samples from the mound around the chimney are also used. Following chimneys were examined in detail; Chimneys 353-1, 354-2 and 354-3 in the South Mariana Trough and Chimney 356-5 in the Middle Mariana Trough. Sampling sites of these chimneys are shown in Figure 2 and listed in Figure 5 .
Chimney 353-1 was collected from an active hydrothermal vent of the northern slope at the depth of 1,468 m (13°23.754'N, 143°55.175'E). The sphalerite and chalcopyrite rich fragile body is covered by white gypsum. The collected chimney itself is not so large as shown in Figure 3A . The maximum temperature of a vent around sampling site was 210°C.
Chimney 354-2 from the depth of about 1,450 m (13°23.682'N, 143°55.182'E) is rich in marcasite and pyrite. It has a conical shape of 24 cm diameter (Fig. 3B) . Chimney 354-3 was collected from the similar place to Chimney 354-2. Sphalerite rich chimney is porous especially inside (Fig. 3C) . Around Chimneys Figure 4 , there are many conduits as fluid passes. Around the large chimney, a hydrothermal vent organism community of white sea anemone, hairly gastropous and galatheid crab were found. The maximum temperature measured here was 267°C.
Since the discovery of the Alice Spring Field in the Middle Mariana Trough by Alvin in 1987, the hydrothermal vent field has been surveyed many times mentioned above. During this survey three dives (Dives 355, 356 and 357) were done in the Middle Mariana Trough. Track records and video images of these dives show that the active hydrothermal region is extended 50 m wide. In the northern area connecting this active region, there exists the large area composed of too many big dead chimneys up to 10 m in height and their mounds. It is very easy to distinguish sulfide deposits from basalt lavas. The exposed area of these sulfide deposits is over 200 m south to north and over 130 m west to east. By the analogy of Kuroko deposits such as the Tsunokakezawa orebody of the Fukazawa Kuroko deposits (Tanimura et al., 1974) , the thickness is assumed as 8 m. Supposing the density of 1.9 g/cm 3 , the orebody in the Middle Mariana Trough reaches over 0.4 million metric tons.
Ore minerals
Main ore minerals in the Mariana Trough are sphalerite (ZnS), wurtzite (ZnS), chalcopyrite (CuFeS 2 ), marcasite (FeS 2 ), pyrite (FeS 2 ), tetrahedrite-tennantite (Cu 12 Sb 4 S 13 -Cu 12 As 4 S 13 ) and galena (PbS) with minor amount of enargite (Cu 3 AsS 4 ).
Sphalerite is a dominant ore mineral together with chalcopyrite. Sphalerite has close relation to chalcopyrite such as dot-like texture (Figs. 6A, 6G and 6H) and dendritic structure (Figs. 7C and 7D) of chalcopyrite in host sphalerite. Chemical compositions of sphalerite are analyzed by a wavelength-dispersive type EPMA using natural or synthetic sulfide and pure metal standards, and some of them are shown in Table 1 . As seen in Figure 8 (South-B and Middle), FeS contents of sphalerite without some exception (South-A) range from near zero to 2.5 mol %, and similar to those of other seafloor hydrothermal deposits and also Kuroko deposits . High FeS content data of 7 to 10 mol % from anhydrite and gypsum rich Chimney 354-2 (South-A) are may be resulted from special circumstances.
Wurtzite is small amounts in chimney and mound samples from the South Mariana Trough, while it occurs in plenty from the Middle Mariana Trough. Wurtzite is distinguishable from sphalerite by the optical property exhibiting bireflectance in thin section. Crystals of wurtzite are often subhedral. Pyrite takes euhedral or subhedral structure. Dendritic textures of pyrite are recognized in Chimney 354-2 ( Fig. 6F) . The chemical compositions of pyrite are stoichiometric (Table 1) .
Marcasite is also a common primary mineral in examined chimney and mound samples. Strong unisotropic feature is characteristic. Marcasite often takes colloform texture (Figs. 6B and 6C).
Chalcopyrite occurs dominantly in chimney and mound samples. As seen in Figure 6D , it takes unhedral texture. Chalcopyrite shows often dendritic textures resulted from the rapid cooling at the seafloor (Figs. 7C, 7D and 7F). Chemical compositions of chalcopyrite are shown in Table 1 . Some of them have 0.5 atom % of Zn.
Tetrahedrite-tnnantite is found in every sample, and associated with sphalerite and/or galena (Figs. 7E and 7G). Its chemical compositions of limited numbers fall in tetrahedrite side, Sb rich. Ag contents are 3 to 7 wt %.
Other ore minerals are galena and enargite. Chemical compositions of galena are listed in Table 1 them shows slightly high Ag contents. Enargite is found only in Chimney 354-3. A few of pinkish brown subhedral grains (Ramdohr, 1980) appear with chalcopyrite and sphalerite in anhydrite (Fig. 7A ). The chemical composition by EPMA is concordant to that of standard one.
Gangue minerals
Gangue minerals are three minerals belong sulfate class; anhydrite (CaSO 4 ), gypsum (CaSO 4 ·2H 2 O) and barite (BaSO 4 ). Anhydrite and gypsum are common as constituent minerals. Anhydrite and gypsum occur as elongated rectangle and fibrous shapes, respectively (Fig. 6E) . Barite which appears in all samples is a main gangue mineral. Characteristic rectangle shapes observed commonly (Fig. 7E) . Although the collected vent fluid has very high silica concentration, no crystallized silica mineral is recognized. However, the existing of amorphous silica mineral is suggested because of the X-ray broadening peak of 4 Å.
Mineralogy and geochemistry
Ore and gangue minerals except for enargite are confirmed by X-ray methods using Norelco-type diffractometer or Gandolfi camera. The quantity of ore and gangue minerals is indicated in Figure 5 . Sphalerite is more dominant than wurtzite in the South Mariana Trough, whereas wurtzite is distinctly rich in the Middle Mariana Trough. As iron sulfide, marcasite is fairly abundant in the South Mariana Trough, but it is rare in the Middle Mariana Trough. The quantity of gypsum is larger than that of anhydrite in the South Mariana Trough. In the Middle Mariana Trough, only anhydrite is recognized and no gypsum is found. Barite is poor in the South Mariana Trough, whereas it is rich in the Middle Mariana Trough.
The order of crystallization of the chimney is complicate, but following events can be pointed out. The marcasite and pyrite have two stages. Sphalerite and chalcopyrite follow the first stage marcasite or pyrite. Barite also mineralizes almost similar time. Anhydrite is slightly late.
The bulk chemical composition of chimneys is important by stand points of genesis of ore deposits and ocean mining (Scott, 2001 ). We are trying to get many reliable bulk chemical compositions by the atomic 
Fluid Inclusion
Fluid inclusion in wurtzite and anhydrite was examined. The Roedder's (1984) criteria to distinguish between primary and secondary inclusions are principally used. All primary inclusions in this study are composed of two phases, liquid and gas. Fluid inclusions in wurtzite are generally small as several µm or less in diameter, and not much abundant. Each inclusion is elongated ellipsoidal. Those in anhydrite are also small and irregular in shape.
The analytical procedure of fluid inclusion for heating is as follows. Homogenization temperatures were measured using Linkham TH-600 heating stage with a precision of ±2°C. The measured homogenization temperature must be corrected depend on pressure to obtain a true trapping temperature of fluid. These correction values are calculated using the data of Potter (1977) . At the depth of 1,450 m (14.5 MPa), correction values at the homogenization temperature range of 220°C to 270°C are about 12°C. At the depth of 3,600 m (36.0 MPa), those of 230°C, 280°C and 330°C are 29°C, 32°C and 38°C. The pressure-corrected trapping temperatures were plotted on histograms (Fig. 9) . The trapping temperatures of the South Mariana Trough range widely from 180°C to 340°C with the mean of 240°C (Fig. 9a) , and those of the Middle Mariana Trough range from 220°C to 360°C with the mean of 277°C.
These temperatures and pressures are clearly below the boiling curve Rosenbauer, 1984: Bischoff and Pitzer, 1985) , and it is said that the boiling of fluid has not occurred at both hydrothermal vent fields in the Mariana Trough. This is supported by observation of the constant gas-liquid ratio in fluid inclusion.
The salinity by the final melting point depression of fluid inclusion was examined. The final melting point is measured by the cooling stage with a precision ±0.1°C correspond to 0.1 wt% NaCl equivalent. The salinity obtained from fluid inclusion in anhydrite from Chimney 364-2 in the South Mariana Trough is 2.5 and 2.8 wt% NaCl equivalent derived from -1.5 and -1.7°C depression, respectively. The salinity from fluid inclusion in wurtzite from Chimney 365-5 in the Middle Mariana Trough is 3.5 wt% NaCl equivalent derived from -2.1°C depression.
Sulfur Isotope
Sulfur isotope values of sulfide and sulfate minerals were measured by a conventional technique. Sulfide and sulfate chips to examine sulfur isotope were separated by hand picking using a binocular microscope. 32 S/ 34 S ratios are expressed relative to the Canon Diablo meteorite, and are given δ 34 S‰. The δ 34 S values obtained from the Mariana Trough are shown in Table 2 
Discussion and Conclusion
Chimney and mound samples from two active hydrothermal vent fields in the Mariana Trough were examined mineralogically and geochemically. The two hydrothermal vent fields are situated at the different depths; 1,450 m in the South Mariana Trough, and 3,600 m in the Middle Mariana Trough. All chimney and mound samples occurring from both hydrothermal vent fields are sulfide rich, gray to black in color and porous. Main ore minerals are sphalerite, wurtzite, chalcopyrite, marcasite, pyrite, tetrahedrite-tennantitite and galena with minor enargite. Gangue minerals are anhydrite, gypsum and barite. No silica mineral is found, but the existence of amorphous silica is assumed by the 4 Å broadening peak of X-ray pattern. The large abundance of anhydrite compared to gypsum and of wurtzite compared to sphalerite occurs in the Middle Mariana Trough, whereas gypsum and sphalerite are rich in the South Mariana Trough. This phenomenon may be explained by the retrogressive change of minerals after crystallization. The pressure-corrected trapping temperature of fluid obtained from homogenization temperature of fluid inclusion in the South Mariana Trough averages 240°C. The measured maximum temperature of vent fluid in the South Mariana Trough is 210°C. The pressure-corrected trapping temperature in the Middle Mariana Trough averages 278°C. In the Middle Mariana Trough, the measured maximum temperature during this survey is 267°C, and its records of 1987 and 1992 are 287°C and 280°C, respectively. Both hydrothermal vent fields were observed as active ones. However, the hydrothermal activity in the South Mariana Trough is seemed to be slightly declined because the measured maximum temperature of present fluid (210°C) is lower than the trapping temperature (240°C). The salinity derived from the final melting point depression of fluid inclusion ranges from 2.5 to 3.5 wt% NaCl equivalent.
FeS contents of sphalerite are low, and similar to other seafloor hydrothermal deposits and Kuroko deposits. The low FeS content whose contour lines fall in the pyrite stable region on the f-T diagram implies the circumstances of the high sulfur fugacity in these deposits (Barton and Toulmin, 1966) .
Recently, high gold seafloor hydrothermal deposits in the Izu-Bonin Arc have been reported (Watanabe and Kajimura, 1994: Iizasa et al., 1999) . It is noteworthy that the existence of high gold and silver ore of 10 to 30 ppm Au is preliminarily approved in the Mariana Trough which is south extension of the Izu-Bornin Arc.
